Purified preparations of peanut stunt virus-associated RNA 5 (PARNA 5) and cucumber mosaic virus-associated RNA 5 (CARNA 5) were used to inoculate cowpea protoplasts, alone or together with their respective helper viruses. After incubation of the protoplasts for up to 5 days, total nucleic acid was extracted, denatured, electrophoresed, transferred to nitrocellulose membranes and hybridized to cDNA probes specific for satellite and viral RNA. Satellite replication could be detected only in protoplasts infected with mixtures of satellite and viral RNA, not in those inoculated with satellite RNA alone. These results suggest that the dependence of cucumovirus satellite RNAs on their helpers is on the replication function rather than on the spreading and/or encapsidation functions of the helper virus.
Viral satellites are small nucleic acids that seem incapable of replication in the absence of a helper virus. Most satellites reported thus far are RNA molecules about 300 to 1400 nucleotides in length and have been found in association with plant viruses belonging to a number of different groups (for review, see Murant & Mayo, 1982) . As far as is known, viral satellites lack extensive nucleotide sequence homology with the genomic RNAs of their helper viruses. However, because satellites are specific to their helper virus, it is commonly assumed that enzyme(s) coded by the viral genome also function in the replication of the satellite RNA.
The possibility that some viral satellites utilize host-encoded enzyme(s) for their replication was recently suggested by us (Linthorst & Kaper, t984a) , and by Jones & Mayo (1984) , along with the suggestion that if so, then the satellites' dependence upon their helper viruses would have to be attributed to some function relating to the intercellular movement and systemic spread of the helper throughout the plant. One approach towards resolving this question would be to see whether certain viral satellites are capable of independent multiplication in protoplasts, which does not necessitate spread from cell to cell. Recently, we completed an investigation of the replication of peanut stunt virus (PSV) and its associated satellite PARNA 5 (PSV-Associated RNA 5) in cowpea protoplasts (Linthorst & Kaper, 1984b) . As a corollary to this study we report here that neither PARNA 5 nor CARNA 5 (the satellite of cucumber mosaic virus) infects, or accumulates to detectable levels in, cowpea protoplasts.
Methods for viral and satellite RNA isolation and fractionation, for protoplast preparation and inoculation, for nucleic acid extraction, electrophoresis, blotting and hybridization and for the synthesis of probes were as described previously (Linthorst & Kaper, 1984b) . Protoplasts from the cotyledons of 10-day-old cowpea plants were inoculated using polyethylene glycol with RNA from preparations of PSV (strain 74, Kaper et al., 1978) that either contained or did not contain PARNA 5, or with PARNA 5 alone. These inocula were designated A, B and C, respectively. A second positive control, D, consisted of a mixture of inocula B and C (see legend to After incubation, nucleic acid was extracted from samples containing 5 x 105 protoplasts. The nucleic acids were denatured by glyoxal treatment, electrophoresed in agarose gels, blotted to nitrocellulose filters, and hybridized to 32p-labelled randomly primed c D N A probes (sp. act. approx. 5 × 107 c.p.m./~tg) prepared against total PSV R N A (probe l) or purified P A R N A 5 (probe 2). Because the PSV R N A probe did not detect P A R N A 5, the blots were first hybridized to probe l, and, after removal of the probe by washing in a buffer Containing 5 mM-Tris-HC1 pH 7.8, 0 . 1~ SDS at 65 °C for 2 h, hybridized to probe 2 made against P A R N A 5 (Linthorst & Kaper, 1984b) . Autoradiograms of the blots resulting from this experiment are shown in Fig. 1 .
When protoplasts were infected with PSV R N A that contained P A R N A 5 (inoculum A in Fig. 1 a) , accumulation ofPSV R N A (probe 1, left) and P A R N A 5 (probe 2, right) was evident at 24 h after inoculation, and continued up to 3 days post-infection. P A R N A 5 dimers were also detected (see Linthorst & Kaper, 1984b) . When protoplasts were infected with PSV R N A alone (inoculum B in Fig. 1 b) , only genomic R N A s accumulated, as expected. When protoplasts were infected with P A R N A 5 alone (inoculum C in Fig. 1 c) , we were unable to find evidence for its replication. Only a faint band of P A R N A 5 could be detected in lane 0 with probe 2. Presumably, this represents the P A R N A 5 inoculum which enters the protoplasts, but which upon further incubation is degraded and becomes undetectable. We estimate this amount of P A R N A 5 to be approximately 100 pg, or about 1000 molecules/protoplast, which is about the lower limit of detection of satellite molecules under our experimental conditions. When protoplasts were inoculated with a mixture of inoculum B and inoculum C (inoculum D, Fig. 1 d) P A R N A 5 accumulated during incubation showing that inoculum C was potentially infective.
The faint bands visible in the blots hybridized with probe 2 in the regions of the genomic R N A s are due to background 'hybridization' with the large amounts of ribosomal R N A s (see also Linthorst & Kaper, 1984b) .
A similar set of experiments was carried out with cucumber mosaic virus (CMV) and C A R N A 5. were also detected. The band which is visible between R N A 2 and 3 is probably a C A R N A 5 multimer. A multimer band of similar size and relative intensity can often also be observed in PSV-infected protoplasts (see Linthorst & Kaper, 1984b) . Upon inoculation of protoplasts with C A R N A 5 alone, a band of satellite R N A was found in protoplasts immediately after inoculation but it was degraded upon incubation and was no longer visible after 48 h. Thus, it is evident that, as with P A R N A 5, no helper virus-independent replication of C A R N A 5 takes place in protoplasts. Although the above results cannot exclude the possibility of very low-level independent replication of cucumovirus satellites, they certainly allow the conclusion that viral assistance is indispensable for these molecules to replicate intracellularly to the levels observed in protoplasts and, presumably, in plants. To explain the occurrence of P A R N A 5 oligomers in these infections, we previously suggested that perhaps viroid-like low-level independent replication takes place initially, after which virus-coded enzymes are responsible for the massive accumulation of satellite molecules in single-stranded and double-stranded form (Linthorst & Kaper, 1984b) . However, the relatively late appearance of these oligomers (Fig. 1 a,d ) does not support this idea.
Although our results exclude significant replication of cucumovirus satellites independent of their helpers it remains to be tested, presumably by similar experiments, whether the same is true for other satellites, in particular those with viroid-like structures.
